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LACTIC ACID IN CORN SILAGE 
By Arthur W. Dox and Ray E. Neidig. 
-INTRODUCTORY. 
In a previous bulletin1 of this series a stuily of the volatile 
aliphatic aciils of corn silage was reported in detail. It was 
shown that acetic and propionic acids are normally present in 
considerable amount, while higher members of the series, as 
butyric, seemed to impart undesirable qualities, and their pres-
ence might be taken as evidence of incipient spoiling. The 
total volatile acid recovered by distillation diil not, however, 
in any case account for all of the acidity observed by direct 
titration of the original silage juice. The difference represents 
therefore non-volatile aciil, which heretofore has been assumed 
to consist principally of lactic acid. Since the non-volatile 
aciil, as determined by this indirect method, was in most of 
our samples in excess of the volatile aciil, it was considered 
of sufficient importance to warrant further study. 
According to the results obtained by other investigators, the 
ratio of non-volatile to volatile acid is by no means constant. 
Inasmuch as silage is made uniler quite a variety of conditions 
and of material of different stages of maturity, it is not at all 
surprising that variations should be found in its chemical com-
position . It is generally concedeil, however, that the non-
volatile acid is normally present in excess of the volatile. All 
the data collecteil heretofore on the non-volatile acid of silage, 
though generally expressed in terms of lactic acid, have been 
based upon the ilifference in the titration figures before and 
after distillation of the sample with steam. To iletermine how 
much of this non"volatile acidity is actually due to lactic acid, 
more direct methods are necessary. Such methods have not, 
to our knowleilge, been applied to the determination of lactic 
acid in silage. 
Several methoCls have been proposed for the quantitative 
estimation of lactic acid. The Palm2 method is based upon the 
insolubility of basic leail lactate in alcohol. In the PartheiP 
method ail vantage is taken of the volatility of lactic acid with 
superheated steam. The zinc lactate4 method involves the isola-
tion of this salt and a direct weighing of the same. ,These three 
methods have been compared by Suzukii and Hart5 and the 
thiril pronounced the most satisfactory. A number of indirect 
'Iowa Ag. Exp. Sta. Research Bul. No.7. 
'Z. f. analytlsche Chemie 22, 223. 
' Z. f. Untersuchung d. Nahrungs u. Genussmlttel 5, 1056. 
'Buchner and Meisenheimer, Berichte d. Chern. Ges. 37, 417. 
'Journ. American Chemical Society, 31, 1364. 
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methorls have also been proposed, in which the lactic acid is 
oxidizerl to acetaldehyrle or oxalic acid and the oxidation 
product determined volumetrically. In our own work the zinc 
lactate method was used throughout. It is simple and direct, 
as it involves merely extracting of the acid with ether ann 
preparation and crystallization of the zinc salt. The zinc salt 
thus obtained can then be used for optical sturlies if desiren. 
POSSIBLE SOURCES OF LACTIC ACID. 
1. Lactic acirl may result from amino acids by a simple re-
placement of the primary amine group by hydroxyl in the case 
of alanine, and by this reaction ann the simultaneous reduction 
of the f3 carbon in the case of cysteine and serine. Ehrlich and 
Jacobsen6 have demonstrated that three derivatives of alanine, 
namely, tyrosine, phenylalanine anrl tryptophane, are converted 
through the action of micro-organisms into the corresponding 
derivatives of lactic acid, namely, p-hydroxyphenyllactic, phen-
yllactic ann indolelactic acids respectively. Since the amino 
acirls obtain en from the cleavage of proteins are optically ac-
tive, the lactic acid resulting therefrom would also possess 
optical activity. 
2. Bacteria which convert soluble carbohydrates into lactic 
acid are very abundant and widely distributed in nature. Esten 
anrl Mason7 have found these organisms in enormous numbers 
in silage, and it would appear that the work of these lactic 
acin bacteria is independent of, though simultaneous with, the 
production of volatile acids by other organisms. Pure cultures 
of bacteria often give rise to optically active lactic acids, 
though fermentation after fortuitous inoculation almost in-
variably results in the racemic mixture. This point will be 
discussed later on. 
Lactic acid occurs also in small quantities as the result of 
alcoholic fermentation with yeastS and the intramolecular re~­
piration9 of green plants under aseptic connitions in the absence 
of air. The amount produced by this process is, however, so 
small as to be practically negligible. Bacterial fermentation 
is necessary to account for the large quantities of lactic acid 
occurring in silage. 
OPTICAL FORMS OF LACTIC ACID. 
Inasmuch as 0:: lactic acid contains an asymmetric carbon 
atom, two optical enantiomorphs are possible, a dextro and a 
levo rotatory form, as ·well as an optically inactive or racemic 
mixture of the two. The dextro acid is the one invariably formed 
"Berichte d. Chern. Ges. 44, 888. 
'Storrs Exp. Sta. Bu!. No. 70. 
'Mestrezat; J. Soc. Chern. Ind. 28, 734. 
'Stoklasa, Ernest and Chocensky; Z. physio!. Chern. 50, 303. 
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when animal tissues undergo autolysis. 1o Ordinary lactic fer-
mentation of carbohydrates, where no precautions are taken 
to maintain pure cultures, usually gives the racemic mixture. 
On the other hand, many organisms are known which in pure 
culture produce a single one of the optical forms, the direction 
of rotation depending specifically on the organism. Inc'leed, 
McKenziell states that the racemic mixture is never produced 
by an individual species, but that separate species proc'luce the 
two opposite forms, which may occur in equal proportions thus 
giving rise to the inactive mixture. Heinemann12 claims that 
the temperature at which the fermentation takes place deter-
mines to a certain extent the activity of the resulting acid. 
The more recent work of Currie/3 however, has shown that 
pure cultures may in some cases produce inactive laC'tic acic'l. 
EXPERIMENTAL. 
Our experimental work was undertaken with a view to 
c'letermining directly the actual amount of lactic acid in repre-
sentative samples of silage, also to determine the optical forms 
in which it occurred, and to ascertain whether the kinc'l of silo 
had any influence upon the amount and character of the lactic 
acid. 
The residues from our previous work on the volatile aliphatic 
acic'ls furnished us with excellent material for such an investi-
gation. rrhey represent samples taken at different times and 
from different parts of three c'listinct types of silos. The silos 
are constructed of wooden staves, hollow clay tile and brick 
respectively, and are c'lescribed in our previous bulletin.14 The 
resic'lues, from which the volatile acids had been removed by 
steam distillation under diminished pressure, were rec'luced to 
a small volume, and extractec'l with ether for seventy-two hours 
in a Bremer continuous extractor. After removal of the ether, 
the extract was diluted with water and boiled with an excess 
of barium hydroxide, then exactly neutralized with sulphuric 
acid. The barium sulphate was filtered off and the filtrate 
treatec'l with zinc sulphate, care being taken to avoid an excess. 
The barium sulphate was again removec'l, and the solution 
evaporated to a small volume on the water bath. At the first 
indication of zinc lactate crystals, the solution was placed in 
an incubator maintainec'l at a constant temperature of 45°. The 
"Cf. Saiki, J. BioI. Chern. 7, 17; Mochizuki and Arirna, Z. f. physioi. Chern. 
49, 109; Saito and Yoshikawa, ibid. 62, 107. 
nJourn. Chern. Soc. 87-88, 373. 
12J. BioI. Chern. 2, 603. 
" .J. BioI. Chern. 10, 201. The rather extensive literature Is reviewed here. 
"Loc. cit. 
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crystals were filtered through a Gooch crucible, washed with 
a small volume of cold water and dried at the temperature of 
boiling water. The combinerl wash water and mother liquor 
was subjected to a second and third crystallization, anrl the 
crystals treated as before. The weights of the three crops of 
crystals were then arlded together, and the sum taken as the 
total weight of anhyrlrous zinc lactate in the sample. 
Table 1 gives the data regarding the five samples taken from 
each of the three silos. In table number 2 the figures for the 
zinc lactate are recalculated into free lactic acid corresponding 
to 100 g. dry silage. For purposes of comparison the volatile 
acid is inclurlerl in this table, and the average ratio of lactic to 
volatile acid stated for each silo. 
Table 1. 
WOODEN SILO. 
Number of sample 
Date of sampling 
Depth from surface, feet 
Moisture, per cent 
1(23 1 4 5 1/8/122/5/12 3/ 4/124/1/124/29/12 
2 8 14 18 24 
65.44 71.68 67.28 69.32 70.28 
Vol. acids in 100 grams juice cc. 
decinormal 149 192 174.2 281 208.8 
Anhydrous zinc lactate from 100 
gr. juice, grams 1.197 1.949 2.005 1.6331 2.305 
BRICK SILO. 
Number of sample 1 ( 2 3 4 5 Date of sampling 11/ 17/1112/1/11 12/15/11 12/29/ 11 1/12/ 12 
Depth from surface, feet 2 8 12 18 22 
Moisture, per cent 69.56 62.96 68.72 71.56 78.72 
Vol. acids in 100 gr. juice 
cc. decinormal 122 113 128 
I 
145 241.5 
Anhydrous zinc lactate 
from 100 gr. juice, 
grams .581 2.289 2.335 2.161 *.779 
*Sample was silage remaining from prev!ous year. 
HOLLOW TILE SILO. 
Number of sample t 11/1~/11 2 3 4 5 Date of sampling 12/12/11 1/9/12 2/6/12 3/5/12 
Depth from surface, feet I 592.6 8 14 18 22 Moisture, per cent 59.8 56.6 59.36 59.32 
Vol. acids in 100 gr. juice 
cc. decinormal I 138.6 158. 134 133.5 126.2 
Anhydrous zinc lactate from 
100 gr. juice, grams 1.964 1.048 1.331 2.220 1.839 
Sample 
No. 
1 
2 
3 
4 
5 
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TABLE II. 
WOODEN SILO. 
Zinc lactate 
from 100 gr. 
silage juice 
1.197 
1.949 
2.005 
1.633 
2.305 
Lactic acid 
in 100 gr. 
dry silage 
1.68 
3.65 
3.05 
2.73 
4.03 
Average ratio of lactic to volatile acids 1.0 to 0.81. 
1 
2 
3 
4 
5 
0.581 
2.289 
2.335 
2.161 
0.779 
BRICK SILO. 
0.98 
2.88 
3.79 
4.02 
2.13 
Average ratio of lactic to volatile acids 1.0 to 0.83. 
1 
2 
3 
4 
5 
HOLLOW TILE SILO. 
1.964 
1.048 
1.331 
2.220 
1.839 
2.15 
1.15 
1.28 
2.40 
1.98 
Average ratio of lactic to volatile acids 1.0 to 0.61. 
Volatile 
acids in 100 
gr. dry silage 
1. 73 
2.53 
1.94 
3.49 
2.60 
1.63 
1.17 
1.52 
2.02 
5.11 
1.17 
1.35 
0.96 
0.96 
0.98 
Average ratio of lactic to volatile acids of all samples 1.0 to 0.75. 
Each of the samples of zinc lactate obtained as above was 
examined for optical activity. In each case a 1 % solution in 
a 2 dcm tube gave with the polariscope a reading of zero. Our 
instrument could be read to the twentieth of a rlegree on the 
Ventzke scale, anrl since the specific rotation of active zinc lac-
tate is -±- 7.5°, the error must have been less than 10%. In other 
worrls the zinc lactate ex·amined must have been at least 90% 
inactive. The samples of zinc lactate in tables 3 and 4 were 
examined in 4% solution, and still gave a reading of zero, hence 
they must have contained at least 97.5% inactive salt. 
A composite sample of the several specimens of zinc lactate 
from the determinations in tables 1 and 2 was recrystallized 
and the water of crystallization determinerl. 2.00 g. crystalline 
salt g,ave .3622 g. water. 
Calculated for zinc lactate found. 
Active Inactive 
Water 12.89% 18.18 18.11 
This is further evidence that the zinc salt from silage was 
inactive, unless the activity of the various samples was of equal 
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amount in opposite ilirections, which of course iEl highly im-
probable. ,life feel safe in making the assertion that the sam-
ples of zinc lactate examined were all inactive. 
RATE OF FORMATION OF LACTIC ACID. 
Knowing the amount and optical form of the lactic aciil 
occuring in these representative samples of silage, it remained 
to determine the rate of formation. To this end, work was 
planned for another season on two silos, the wooden stave anil 
the hollow clay tile. To study the rate of formation of the 
acid it was necessary to secure samples at frequent intervals 
while the fermentation was in progress. Esten anil Mason15 
have shown that the fermentation proceeds very rapiilly after 
filling the silo, and that the changes are practically complete 
at the end of two weeks. We decideil therefore. to examine a 
sample every day until the fermentation hail practically come 
to a standstill. 
In securing samples, the problem was to obtain enough ma-
terial to give a representative sample in each case, and at the 
same time avoiil introduction of air and consequent aerobic fer-
mentation of the adjacent silage. Preliminary experiments 
showeil that it was perfectly feasible to obtain samples by 
means of a soil auger through a two inch hole in the door of 
the silo. Immediately after sampling a wooden plug was in-
serteil in the hole. Samples obtained in this manner represent 
composite samples from the circumference to the center of the 
silo. They were all collected at a ilepth of eight to twelve feet 
above the floor. 
AB the analyses could not be made each day it was necessary 
to preserve the samples until they hail all been collected. In 
order to make parallel determinations of volatile acids, the 
samples had to be protected from evaporation. Sterilization 
in an open vessel was therefore not feasible, and the use of 
antiseptics was objectionable for other reasons. The following 
procedure was finally adopted,-the samples of juice obtaineil 
immediately by the use of the Buchner press were transferreil 
to pressure bottles anil sterilized in an autoclave, then set aside 
until a sufficient number had been collected. In the analysis 
the volatile acids were removeil by distillation with steam under 
diminished pressure, and the residue treateil as in our previous 
determinations. Sterilization and distillation ilid not racemize 
any active lactic acid that might have been present, as we shall 
demonstrate later. 
WOODEN STAVE SILO. 
The filling of this silo began on the morning of September 
"Loc. cit. 
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23, 1912. The kernels of the corn were well dented and the stalk 
somewhat green in appearance. The first sample represents 
juice pressed out of the fresh material as it came from the cut-
ter. Titrated with decinormal barium hydroxide, 1.6 cc. of the 
alkali was r equired to neutralize 10 cc. of the juice. The amount 
of acid being so small, no attempt was marle to determine 
volatile and lactic acirl separately. The second sample was 
taken about 12 hours after filling the silo up to this level. Ten 
cc. of this required 5.6 cc. decinormal alkali for neutralization. 
Separate determinations were omitted from this sample also 
for the same reasons. The analytical determinations begin with 
the thirrl sample which was secured 36 hours after filling the 
silo. The succeerling samples were collected rlaily until the 
total acidity had· practically reached a maximum. 
HOLLOW CLAY TILE SILO. 
This silo was filled September 27, 1912. The corn was some-
what nearer maturity than that used in filling the woorlen silo. 
A consirlerable portion of this corn had been cut two or three 
days before ensiling. ,This probably accounts in part for the 
lower moisture content which was observed. The first sample 
therefore does not represent the fresh plant, but rather the 
material at the time of ensiling. In the first three samples the 
volatile acid is simply the acidity of the four liter distillate cal-
culaterl as acetic acirl. The development of total acirl having 
practically reached an equilibrium by the 12th day, further 
samples were not taken . . 
TABLE III. 
WOODEN STAVE SILO. 
I I IZinc lactate ILactic acid No. ot Date of Sample Sampling Moisture fro~ 1.00 100.gr. dry 
gr. JUIce SIlage 
1 9/ 23/ 12 / 76.3 I 2 · 9/24/ 12 73.0 
3 9/ 25/ 12 67.6 
I 
1.023 1. 58 
4 9/ 26/ 12 65.1 1.181 1.64 
5 9/ 27/ 12 66.0 0.866 1.24 
6 9/ 28 / 12 64.7 0.874 1.20 
7 9/ 29 / 12 66.6 1.041 1.53 
8 9/30/ 12 67.6 1.362 2.10 
9 10/1/12 67.5 0.768 1.18 
10 HJ / 2/ 12 65.3 1.659 2.31 
11 10/ 3/ 12 68.3 1.333 2.12 
12 10 / 4/ 12 67.2 1.355 2.05 
13 10/ 10/ 12 65.6 2.187 3.08 
14 10/ 16/ 12 65.2 2.026 2.81 
I Volatile acids 100 gr. dry 
silage 
0.923 
1.031 
1.080 
1.061 
1.205 
1.445 
1.327 
1.507 
1.232 
1.289 
1.240 
1.248 
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HOLLOW CLAY TILE SILO. 
N of I Date f I IZinc lactate ILactic acid S~~ple sampli~g Moisture from. 1.00 100. gr. dry 
gr. JUice sIlage 
1 9/27/12 64.3 0.223 0.30 
2 9/28/12 62.0 0.388 0.47 
3 9/29/12 65.5 0.303 0.43 
4 9/30/12 64.0 0.463 0.61 
5 10/1/12 57.9 0.391 0.40 
6 10/2/ 12 63.1 0.736 0.93 
7 10/3/12 61.2 0.769 0.90 
8 10/4/12 58.8 1. 081 1.14 
9 10/5/12 60.9 0.873 1.01 
10 10/7/12 63.4 1.245 1.60 
11 10/9/12 63.2 1.498 1.90 
12 10/ 16/12 58.5 1.812 1.89 
*Calculated as acetic acid. 
I 
Volatile acids 
100 gr. dry 
silage 
.056* 
.176* 
.223* 
.285 
.410 
.648 
.595 
.634 
.719 
.767 
.913 
.786 
From the data on the woonen silo it will be seen that the rate 
of formation of lactic and volatile acins is greatest during the 
first three nays. By the third day, nearly twice as much acid 
has been developed as subsequently develops from the thirn 
to the fourteenth day. The formation of volatile acins prac-
tically reached a maximum by the time only half of the lactic 
acid had been formed. 
The hollow tile silo showed a much slower development of 
acid, both volatile ann lactic. The results here are not com-
parable with those of the wooden silo for the reason that the 
fodder at the time of ensiling was in a much more anvancen 
stage of maturity and the average moisture content was 4% 
lower. On account of the greater maturity of the plant, the 
soluble carbohydrates capable of fermenting into acids were 
unnoubtedly present in smaller amount, ann the conditions for 
rapid fermentation also less favorable on account of the pres-
ence of less water. In this silo the determinations show greater 
regularity and present fewer anomalies than was the case with 
the other silo. 
It must be remembered that the contents of a silo are by no 
means homogeneous. A number of contributory factors tend 
to make a given sample of silage differ somewhat in composi-
tion from the contiguous silage. Hence numerous irregulari-
ties would be manifest if the analytical results were plotten in 
the form of a curve. In orner to avoid such irregularities it 
would be necessary to take much larger samples than could be 
removed without injury to the rest of the silage for feeding 
purposes, and larger than couM be handlen conveniently in 
a chemical laboratory. The results indicate very clearly, how-
ever, the general trend such a curve would assume. It is quite 
improbable that the materials of which the two silos were con-
373 
structed had any influence upon the rate of fermentation in 
either instance. 
Decayed silage. To determine the influence of aerobic fer-
mentation upon the lactic acid, a sample of spoilea silage from 
the top of the wooden silo was examined. The result for vola-
tile acids on this sample was reported in our previous bulletin. 
The residue after distilling off the volatile acids was extracted 
with ether and treated with zinc sulfate in the usual way, but 
no crystals of zinc lactate could be obtained. In the rotting of 
silage by molds, the lactic acia evidently meets the same fate 
as the volatile acias. These acias are not simply neutralized by 
basic products resulting from the breaking down of protein, 
but are actually destroyed. 
OPTICAL FORMS OF LACTIC ACID. 
The results thus far obtained inaicate that the lactic acid 
present in silage is optically inactive. This might be expectea 
in view of the fact that the lactic acid bacteria could hardly 
be present in pure culture, since the inoculation is entirely 
adventitious. Objections to our conclusion might, however, be 
raised on the basis of a possible racemization during the prep-
aration of the sample. For instance, distillation with steam in 
the presence of volatile and slight excess of mineral acia, ana 
more particularly sterilization of the silage juice in an auto-
clave might be expected to bring about a molecular rearrange-
ment whereby the more stable inactive mixture woula be pro-
duced from whichever active acid might have been originally 
present. In the literature no statement coula be found as to 
the temperature at which racemization of the active lactic acia 
begins. The only way to determine whether such a change 
might have taken place in our samples was to prepare the two 
active forms and subject them to this treatment to see if they 
retained their activity. . 
Several methods are known for the resolution of racemic 
acids into their active components, such as the selective action 
of certain micro-organisms when cultivated upon nutrient meaia 
containing the inactive mixture, ana the aifference in solubility 
and rate of crystallization of the salts with optically active 
bases, as the alkaloids. A more convenient method in the case 
of lactic acid is the fermentation of carbohydrates by pure 
cultures of organisms known to have the power of producing 
the aesirea optical form. This method was successfully used 
in our own experiments. 
The culture medium which we employed was made up as 
follows: 
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Fig. 1.-Zinc dl-lactate from corn silage. 
Distilled water 
Lactose 
Peptone 
Meat extract 
Sodium chloride 
. Calcium cartonate 
1000 cc. 
40 g. 
10 g. 
3 g. 
5 g . 
16 g. 
'l'hree liters of the above medium were prepared in separate 
flasks ani!. enough glass beai!.s added to cover the bottom of 
the flask. After sterilization, inoculation was made from a 
pure culture of Streptococcus lacticus. The flasks were incu-
bated at a temperature of 35° c., and each day were thoroughly 
shaken, the beads stirring the calcium carbonate from the bot-
tom of the flask where it had settlei!. out, thus insuring more 
complete neutralization of the acii!. that had developed. At 
the end of four weeks the cultures were filtered and evaporated 
to a small volume. Sulfuric acid was then ai!.ded to liberate 
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Fig. 2.-Zinc d-lactate from cultures of Streptococcus lacticus. 
the lactic acid from its calcium salt, and the precipitated cal-
cium sulfate removert from suspension by a centrifuge. The 
supernatant liquid was extracted with ether for three days. 
The extract was dilute(l with water and the ether removed by 
evaporation. This aqueous solution was now treated with zinc 
carbonate and evaporated to incipient crystallization, then set 
asirte until a goort crop of crystals had formed. The optical 
rotation of the zinc salt, after desiccation, agreed with that of 
zinc rt-Iactate. 
[ cc ] D 1 % solution found 
[cc] D 4% solution theory 
_7.8 0 
*-7.55 0 
The dextrogyrate zinc salt of the levo acid was prepared in 
exactly the same way except that the inoculation was made with 
Bacterium aerogenes instead of Streptococcus lacticus, anrt the 
cultures were incubated for two weeks. The extract showed 
'Hoppe-Seyler and Araki: Z. f. physiol. Chern . 20, 371. 
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Fig. 3.-Zinc I-lactate from cultures of Bacterium aerogenes. 
a levo rotation before and dextro rotation after neutralizing 
with zinc carbonate. Well defined crystals were obtained with-
out difficulty. 
[ a:] D 1 % solution found 
[a:]o 4% solution theory* 
+7.75° 
+7.55° 
Having obtaineil the active forms of lactic acid it now re-
mained to subject a solution of known activity to the same 
treatment which the silage samples hail received, namely, steri-
lization in the autoclave in the pres'ence of volatile acid and 
distillation uniler diminisheil pressure with steam. A solution 
containing volatile and non-volatile acid in about the same 
proportions and concentration as they occur in silage was made 
up as follows: to 100 cc. of a solution of d-acid a rota-
'Hoppe-Seyler and Araki: Z. f. pbysioJ. Cbern. 20, 371. 
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Fig. 4.-Zinc dl-Iactate from commercial lactic acid. 
tion of +0.6°V in a 4 dcm tube, 100 cc of 1 % acetic acid was 
adderl. After sterilization in the usual manner in a pressure 
bottle, 10 cc normal sulfuric acid was adderl and the 
solution distilled with steam under diminisherl pressure until 
a distillate of four liters harl been collected. The resirlue con-
taining the lactic acid was evaporated to its original volume 
(100 cc) and examinerl in a 4 dcm tube. 
Original solution 
After sterilization and distillation 
Polariscope reading 
+O.6°V 
+O.6°V 
A similar treatment with the levo acid resulted as follows: 
Original solution 
Polariscope reading 
-O.4°V 
After sterilization and distillation 
-O.4°V 
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These experiments show conclusively that the active isomers 
of lactic acid are not racemizen by the treatment to which our 
silage samples were subjected before or during the analysis. 
Incidentally the isomeric forms of zinc lactate present some 
interesting crystallographic considerations. The inactive moni-
fication with three molecules of water is entirely distinct in 
crystalline form from the active varieties with two molecules of 
water. 'I'he accompanying photomicrographs, for which we are 
innebten to Dr. R. E. Buchanan, illustrate these differences. 
The zinc salt obtained from silage ann that obtained from 
commercial inactive lactic acid exhibit the same crystalline 
form, while the active salts are quite distinct, but differ from 
each other merely in spatial arrangement of the crystal faces, 
ann are therefore ,enantiomorphs. 
CONCLUSIONS. 
1. Lactic acid is normally present in silage in excess of the 
volatile acins. The average ratio was 1.0 to 0.75. 
2. The form in which t,he lactic acid occurs in silage is the 
optically inactive or racemic mixture. 
